The effects of pressure applied by cuffs to the abdomen, thighs and legs on resting salivary flow rate and digestive function of saliva were investigated in 9 healthy female students, aged 18 to 33 yrs (Experiment I) in a climatic chamber (Ta: 28°C, RH: 50%). Each participant changed from street clothing into loose-fitting experimental garments so as to avoid any skin pressure on the body, and sat calmly in a reclining chair throughout the experimental period (195 min). After 90 min (FREE period), the physiological effects of skin pressure applied by their own clothing disappeared, and skin pressure was applied for the next 60 min to the abdomen (40 mmHg) and thighs (40 mmHg) then to the legs (60 mmHg) by the use of air-inflated cuffs (PRESSURE period). During the next 45 min, the skin pressure was again removed by letting the air of the cuffs out (FREE' period). The resting salivary flow rate was significantly suppressed while the skin pressure was applied by the cuffs. The digestive time for starch investigated in terms of the iodine starch reaction was longer with the skin pressure than without. The concentration of amylase measured in 20 female participants aged 21 to 23 yrs, decreased with skin pressure applied by the usage of the rubber tape (Experiment II). These results suggest that the pressure applied to the body can influence the digestive response by decreasing the amount of saliva via the autonomic nervous system.
Introduction
It has been widely recognized that skin pressure on specific areas of the body could cause a decrease in the sweating rate (Takagi, 1972) . Ogawa et al. (1979) demonstrated that skin pressure of up to 5 kg/50 cm 2 may exert a sweat-inhibiting effect. Murata and Tokura (1988) observed that skin pressure due to swimsuits having a clothing pressure of 20, 25 and 60 g/cm 2 had inhibitory effects on sweating. Tokura et al. (1983) found that there were some inhibitory effects on the weight loss due to the circumferential skin pressure around the waist and torso, resulting from wearing a skirt which was 4 cm shorter than the actual girth.
Furthermore, some effects of skin pressure on the central processing activity have been studied. Sugimoto et al. (1990) indicated that the urinary excretion of norepinephrine increased when wearing a girdle regardless of the type of girdle or its intensity of compression. Ohtsuki et al. (1993) observed that voluntary reaction time to light stimulation was longer with skin pressure caused by compressive sportswear than without pressure, and Zhang and Tokura (1995) showed that the duration of the endurance performance in handgrip exercises was shorter when skin pressure was applied by a cuff than without skin pressure. Also, Tokura (1989) disclosed that skin pressure due to bodysuit could reduce the secretion of saliva from the parotid gland.
Based upon these results, we could guess that the skin pressure has indirect as well as direct effects physically through the autonomic process. We investigated whether the skin pressure may have some effects not only on the secretion of saliva, but also on digestive response.
Methods

Experiment I
Nine healthy females, aged 18 to 33 yrs served as participants. They had standard physical characteristics: height 158.0 ± 7.1 cm and weight 51.2 ± 9.2 kg. The purpose of this study and the experimental procedures were explained to the participants before voluntary consent was obtained. Individuals were asked to eat nothing for at least one hour before the commencement of the experiment.
In a climatic chamber (28°C, 50%RH), the participant changed from her street clothing into loose-fitting experimental garments (one-piece with short sleeves and panties) which had nearly no skin pressure to the body. Then, the participant sat in a reclining seat calmly throughout the experimental period for 195 min, which included a state having nearly no skin pressure for the first 90 min, a state having skin pressure of 40 mmHg applied to the abdomen and thighs and 60 mmHg to the legs for the next 60 min by the use of inflatable cuffs and then a state having nearly no skin pressure after releasing the air from the cuffs for the last 45 min. The cuffs used in this experiment were 25 cm wide and 120 cm long for the abdomen, 25 cm wide and 90 cm long for the thighs and 15 cm wide and 50 cm long for the legs.
Resting salivary secretion was measured every 15 min. The collection started 55 min after the beginning of the experiment and was performed a total of 10 times (Fig. 1) . Throughout each 5 min period, the participant was asked not to swallow saliva but to spit it out into a beaker whose weight had been measured. The resting salivary secretion was obtained by subtracting the weight of the beaker from that containing saliva.
We also investigated the digestive time of starch in terms of iodine-starch reaction. After the saliva weight was measured, the saliva (1 ml) was blended with 1% solution of starch (10 ml) in another beaker, which was kept at 37°C (oral temperature) in a constant-temperature water bath. Then, the solution of saliva-starch (1 ml) was put on a glass slide every minute using a pipet, and 100 µl of iodine was dropped on it. The iodine-starch reaction test was repeated until the starch was completely digested. If the reaction color was blue, it meant that the starch was not yet digested by the saliva. If the reaction color remained yellow, it meant that the starch had been digested completely by the saliva. We took photographs of each reaction and determined the digestive time from the pictures.
Experiment II
The participants were twenty healthy females, aged 21 to 23 yrs. In this experiment, all participants served simultaneously. The skin pressure was circumferentially applied at the same time in the areas around the bust and waist with 1 cm wide elastic waistbands fastened with pins. The lengths of the waistbands were 15 cm shorter than the circumferences of the bust and waist, respectively. The skin pressure by the waistbands is presumed to be far lower than that by the cuffs in Experiment I, because the waistbands are 1 cm wide and commonly used as those of Fig. 1 Time schedule. In Experiment I, skin pressure was applied for the period from 90 min to 150 min. The darkshaded blocks represent the times of saliva collection during the experimental period. F60 denotes the time of saliva collection for 5 min from 55 to 60 and so on, and P15 denotes the time of saliva collection from 10 to 15 min of the skin pressure by cuffs, and so on. F'15 denotes the time of saliva collection from 10 to 15 min, and so on after the skin was released. In Experiment II, skin pressure was given by elastic waistbands. The dark-shaded blocks represent the times of saliva collection during the experimental period.
conventional shorts. After sitting calmly for 90 min without skin pressure due to clothing, the skin pressure was applied for 30 min using the waistbands and then the bands were released for the next 30 min. The saliva which was obtained at 90 min of the control period (F90), at 30 min of the skin pressure period (P30) and at 30 min of the recovery (F'30) was placed immediately in a freezer for storage. The concentration of amylase in the saliva was then analyzed (Heckle et al., 1984) . The data were analyzed statistically using the student t-test for paired data. P value less than 0.05 was accepted as significant. Fig. 2 shows distinctly that resting salivary secretion was clearly inhibited by skin pressure applied by the cuffs (p<0.05). After the pressure was removed, it increased gradually. The values at F'30 and F'45 were significantly higher than those at P60 (p<0.05 and, p<0.01, respectively). Fig. 3 shows a typical example of digestive time in a participant under the influence of skin pressure. The blue colors were observed more frequently during the skin pressure period (P15, P30, P45, P60). As there were great individual differences, the average digestive time during skin pressure was represented in a relative value in Fig. 4 . The digestive time was significantly delayed at P30 and P60 (p<0.05), compared with that at F90 (top of the figure) .
Results
Experiment I
The digestive time became gradually shorter during the recovery period (P<0.05 at F'45 compared with that at P60) (bottom of the figure). Fig. 5 shows the average concentration of salivary amylase (mean ± SEM). It was significantly lower during the skin pressure period, (122400 ± 16205 IU/1) than during the control period (155400 ± 19787 IU/l) (p<0.01), and did not recover to the previous value during the recovery period (124500 ± 17536 IU/1) (p<0.05).
Experiment II
Discussion
Salivary glands are well supplied with autonomic nerves. The various effector cells of the salivary glands have a dual innervation. However, antagonism between the sympathetic and parasympathetic nerves does not exist with salivary secretion (Emmelin, 1979) . Secretion can be activated by both sympathetic and parasympathetic nervous activity. The saliva induced by the stimulation of parasympathetic nerve is serous, and that induced by the sympathetic nerve has a high viscosity (Emmelin, 1979) . The saliva collected in our present experiment was a serous fluid, called resting saliva, which contains many digestive enzymes.
In our present experiments, the resting salivary secretion was decreased by skin pressure. As to hemihidrosis, sweat-inhibitory responses to skin pressure were reflexly induced in the supraspinal or spinal level by afferent nervous signals activated by skin pressure stimulation (Takagi, 1972; Ogawa et al., 1979; Tadaki et al., 1981) . Moreover, Ohtsuki et al. (1993) suggested that the pressure applied to the whole body by sportswear reduced the speed of information processing in the central nervous system. With these in mind, we presumed that the results in our presents experiments were also induced by skin pressure through the afferent nerves to the medulla oblongata playing a central role in salivary secretion (Emmelin, 1979) . In other words, it is likely that the decrease in the resting salivary secretion by skin pressure was an outgrowth of the autonomic nervous activity being influenced by skin pressure.
The digestive time in the pressure periods was about twice as long as that in the control periods. The secretory cells of resting saliva are usually filled with secretary granules, and amylase is secreted from these granules (Kawamura et al., 1974) . The decrease in salivary secretion by skin pressure might originate from a decrease of blood flow through the secretory cell. If the blood volume through the secretary cells might decrease, the secretion of amylase would also decrease, resulting in lower concentration of amylase. When salivary secretion decreases, the concentration of CI -in the saliva may decrease (Kawamura et al., 1974) and the salivary CI -concentration is positively correlated with the activity of amylase (Kawamura et al., 1974) . With these facts in consideration, the decrease of CI -concentration is responsible for the lower level of amylase activity. These considerations mentioned above were diagrammatically summarized in Fig. 6 .
It is concluded that the salivary secretion rate was depressed by skin pressure due to clothing under the influence of the autonomic nervous system. However, it remains to be studied how autonomic nervous system and its reflex pathway are involved for inhibitory influence of skin pressure by clothing on salivary secretion.
